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School CAD Unit
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Meaningfully integrating project-based learning, language learning, and technology into the
classroom provides 2 1st century skills for the real world. This article describes how one middle
school teacher integrated project-based learning, technology, form/function instruction, and
formative assessment into a 3D printing unit.
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Introduction

Project-Based Learning (PBL) is a student-centered approach to teaching and learning that can
seamlessly blend language learning and technology integration (Beckett & Slater, 2020). With
foundations in Dewey’s experiential learning philosophy (1916) and Kilpatrick’s project method
(1918), PBL has become a powerful movement in education, benefiting classrooms through
student engagement, collaboration, critical thinking, and problem solving, among other positive
effects (Buck Institute for Education, 2022). Infusing PBL with language learning, sometimes
referred to as Project-Based Language Learning (PBLL), this approach has paved the way for
meaningful second and foreign language learning, documented through research, in countries all
around the world (Beckett et al., 2020). Combining relevant apps and web-based tools, PB(L)L
projects can powerfully shape learning experiences to bring about authentic learning for students
(Alharthi et al., 2021).

Beckett and Slater, well-known PBL/PBLL scholars, argue that projects can engage students in
deeper learning with and through technology for learning language, content, and other relevant
skills (Beckett & Slater, 2017). They have also correctly stated that PBL with intentional
technology integration, language form/function instruction, and assessment has also been limited
in the PBL research (Beckett & Slater, 2020; Beck et al., 2021). To help fill this gap, this paper
describes a 3D printing PB(L)L unit designed for both native and non-native English speaking
middle school students in a technology course at a rural school, which was implemented from
2017-2019. It is hoped that this paper not only highlights the potential that creative
technology-infused projects can have on learning, but also inspires other teachers to write about
the amazing work that they are doing or have done in their classrooms.
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3D Printing for Authentic Learning

3D printing has come onto the education scene within the last two decades as a high-tech tool for
providing engaging STEM (science, technology, engineering, and math) projects, real world
skills, teamwork, experimentation, and problem-solving skills (Lacey, 2010). Intrinsically linked
with PBL, multiple affordances of 3D printing in educational contexts have been documented
through exciting projects including: a project where kindergarten and first graders designed new
playground equipment using 3D printing in the USA (Wendt & Wendt, 2015), an
interdisciplinary 3D printing program with middle school students in South Korea (Shim & Lee,
2019), and in facilitating a junior/senior high school service-learning project where students 3D
printed hands and arms for amputees through E-NABLE (Enabling the Future, 2022; Suchow,
2016). These exemplary studies show that 3D printing PBL is possible at all grade levels and can
integrate meaningful content for students.

In addition to 3D printing PBL research involving students, several 3D printing-related studies
have involved pre- and in-service teachers. In a survey of teachers concerning their interest in
learning about augmented reality (AR), virtual reality (VR), and 3D printing, Trust et al. (2021)
found that most of the teachers, who were enrolled in a MOOC (Massive Open Online Course),
described wanting to learn how to use and troubleshoot the devices and fit these tools within
their teaching pedagogy. Less than one quarter of the teachers, however, indicated interest in how
to integrate these devices within their curriculum (Trust et al., 2021). Mixed results concerning
3D printing curricular integration were similarly found with middle school history teachers
(Maloy et al., 2017). Teachers found it difficult to integrate 3D printing into their curriculum, and
both teachers and students initially found it difficult to use the Computer-Aided Design (CAD)
program Tinkercad. After implementing 3D printing projects in their classes, however, their
students found the projects fulfilling and some teachers found value in the projects and in
altering the “teacher-as-expert/student-as-novice relationship” (Maloy et al., 2017, p. 244).

In terms of pre-service studies, Novak and Wisdom (2018) highlight a 3D printing project for
elementary pre-service teachers in science education where the projects significantly reduced the
teachers’ anxiety about teaching science and improved their science interest and perceived
competency in K-3 science standards. Moreover, Verner and Merksamer (2015) present a
program in which they used the create-design-implement-operate (CDIO) approach to teach
pre-service technology teachers and other science and engineering majors about teaching design
and manufacturing. These studies with pre-service teachers suggest that future in-service
teachers may enter schools with more 3D printing readiness.

3D Printing PBLL for Second and Foreign Language Learning

While less research has been done on 3D printing PBLL in second and foreign language
contexts, researchers at the college level have demonstrated its effectiveness. 3D printing PBLL
can be seen in a course for international second language graduate students in Japan (Roy, 2017),
in an introductory college German class in the USA (Emm & Hawkins, 2020), and in a 3rd year
college Russian course in the USA (Enkin et al., 2021). In a research study surrounding a 3D
printing course at a 7th-12th grade summer STEM camp, some participants hailed from Italy and
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the American participants were of diverse ethnic backgrounds, suggesting that language learners
might have been involved in the study (Kwon, 2017). Since L1s were not collected, however,
second/foreign language learning implications for language learners were not explored. Similar
to how the first author (Beck) had only presented on 3D printing in her middle school English
language (EL) and technology classroom at conferences and within professional learning
communities (i.e., Beck, 2018, 2019), it is very possible that innovative 3D printing work is
being done in language classrooms, however, this information is not reaching research
communities.

Integrating 3D Printing into the Middle School EL and
Technology Curriculum

With the many benefits espoused by PBL research, the first author’s goal was to bring these
learning experiences to her classroom. As a half time EL/half time technology teacher at a rural
Missouri middle school from 2017-2019, she had the unique opportunity to design the school’s
new technology curriculum and develop content for the EL classes. The middle school, a Title I
school with approximately 10% ELs, had recently gone 1:1 with Chromebooks and was aiming
to expand their students’ 21st century skills. Equipped with a new 3D printer, the teacher was
encouraged by administrators to create 3D printing projects for the diverse student body.
Designing a CAD and 3D printing unit with both nonnative ELs and native English speaking
students in mind, the unit introduced activities that taught or reinforced language learning and
were formatively assessed in creative ways.

3D Printing Unit Overview

The 3D printing unit was designed as a two-week unit for the middle school technology course.
Created as a service-learning unit, the unit began with the goal of making 3D printed objects to
help others. The first part of the unit introduced relevant vocabulary and the real world
applications of 3D printers, as well as provided a refresher on the metric system. To aid in CAD
design, TinkerCAD was used in the classroom, including its tutorials as well as guided CAD
design practice activities structured by the teacher. At the same time, a survey was sent to
teachers and school staff in the district to ask what classroom materials or objects they could use
for their classrooms or workspaces that could be 3D printed. Through the Google Form, staff
members would select an object they could use for their classroom (e.g., pencil holder, name
plate, Post-It Note holder, magnet, keychain), it’s shape (e.g., rectangular, oval, hexagonal),
color, and if they would like any specific text or images on their object.

Constraining the project to include requests from teachers/staff members was born out of
necessity. In the first iteration of this project no such restrictions were made, which resulted in a
few projects that were not quite useful or were unprintable (at least, with the teacher’s level of
3D printing knowledge). Given the amount of time it takes to print a 3D object and how much
students want to see their design printed, implementing a student-created Google form in the
second iteration of the project onward that narrowed the scope of what students could design
proved to be a win-win. While this may seem limiting, students still had many design choices to
make as a team. For instance, a teacher might request a blue hexagonal-shaped pencil holder
with their name and school logo on it; for this, students would need to decide what dimensions to
make the pencil holder, how thick or thin to make the base or the walls of the pencil holder,
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which font to make the text, where to effectively place the text and school logo, which school
logo to use, whether to embed the text/logo so that it looked etched into the surface or have it
protrude out, and if there were any value-added design elements the group wanted to add (e.g.,
adding patterns or borders to the edges of the object).

During the second week, the survey results from the school staff were analyzed and teams of 2-3
were created and drew a conceptual design of what they would be making, spending several days
working on the design together. At the end of the two weeks, the 3D designs were submitted to
the teacher and the focus shifted to writing a short reflection paper about the project. The
reflection writing activity was completed in Google Drawings, where a screenshot of the
completed CAD design could be embedded. The reflections and completed 3D prints were
placed on display in the middle school trophy cabinets before being given to the school staff
members who requested them. In total, this unit was delivered 16 times by the teacher over the
course of the two years at the middle school building.

Integrating Form/Function and Assessment

Integrating academic English and the language of technology was important in designing the
PBL unit. Specific instruction on language form and function has been described as lacking in
PBL research, which can be seen as a missed opportunity for learners (Beckett & Slater, 2020).
While it might seem incompatible with a PBL activity at first glance, intentionally integrating
form and function can be done in multiple parts of the unit in less intrusive ways through
activities that introduce students to vocabulary and grammar (form) and what can be done with
language (function), e.g., requesting information, describing processes, or drawing conclusions.

While designing the 3D printing unit, focus was placed on introducing and practicing the new
vocabulary and concepts related to 3D printing in both speaking and writing. New words and
phrases including filament, CAD program, and SVG image would need to be introduced,
modeled and practiced. Moreover, EL students can particularly need additional support with
prepositional phrases and direction-related words, for example, telling a classmate when
designing a keychain to, “Put the text on top of the rectangular shape” or “Cut a hole out of the
rectangle using a cylindrical shape.”

To practice CAD and 3D printer-related language, the teacher developed a 3D printing hyperdoc,
an interactive worksheet with links to different websites and videos related to 3D printing. By
reading the text, looking at images, and watching short videos online, new words and concepts
were introduced and reinforced organically. The hyperdoc activity was modeled by the teacher
and completed with a shoulder partner, in which ELs and non-ELs could be grouped together to
support each other while completing the activity. As such, the hyperdoc was a simple yet useful
formative assessment in the early stages of the unit.

New concepts were also reinforced with a short video on 3D printers that used the same new
language and other worksheets. Before watching the video, students were asked to pay attention
to specific parts of the video, and then had time to think-pair-share after the video before
discussing the answers as a whole class. Additionally, a worksheet on measuring in centimeters
and millimeters (Super Teacher Worksheets, 2022) was adopted for practicing the metric system,
helping reinforce mathematical principles useful in CAD. The worksheet, the only physical paper
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used in the entire 9-week course, helped students review centimeter and millimeter measurement
by using rulers and measuring objects in the classroom.

Within the 3D design process itself, language form and function were reinforced through focus
on the designs that teams were tasked with making as well as the survey that they sent to the
teachers. As survey responses were of varying degrees of specificity and clarity, they needed to
be read, comprehended, and interpreted so that the staff member’s wishes were honored.
Moreover, many of the staff members requested objects with text on them, such as the staff
member’s name or famous teacher quotes. While English errors are a part of learning for both
native and non-native speakers, it was important that any errors be corrected before printing as
reprinting a 3D print would cost multiple hours and waste materials.

The 3D prints themselves were assessed by the teacher in terms of the object’s printability,
feasibility of being printed in a timely and resource-friendly manner, and the extent to which
students honored the requests of the teachers/staff who requested the print. The rubric categories
were: theme (whether the students took the request seriously and created a purposeful object),
color scheme (whether students used only 1-3 colors and only the filament colors that were
currently available), size (limited to 8cm in height, 2-3mm thickness to reduce print time), detail
(adding text, textures, images, etc.), and teamwork. Issues such as text floating in space were
accounted for in the “theme” category as these errors, which were routinely checked for during
the project-making process, would result in 3D printing errors.

Finally, reflective writing is an important aspect of project work, as the writer can be led to
personal discovery and deeper meaning (Rocha, 2006). To integrate technology into the writing
process and increase its accessibility, the teacher created a graphic organizer in Google Drawings
with four quadrants with questions to answer, plus a space to add a screenshot of the 3D design.
The rubric evaluated the amount of information shared, the quality of information shared, and
minimal English errors. Displaying the reflection writing next to the 3D prints in the trophy case
at school provided students, staff, and visitors a glimpse into the design process.

As a result, these reflections and 3D prints not only provided an assessment for
technology-infused PB(L)L (Chen & Hirsch, 2020), but showed evidence of acquisition of
technology-related vocabulary and concepts. The prints and write-ups also aided the teams in
practicing how to discuss the design process with the 3D print recipients. As a teacher, seeing the
students give the printed object to the recipient and explain how they designed it was the most
rewarding part of the experience, and the staff and students seemed to enjoy it a lot too.

Conclusion

Authentic technology-infused PB(L)L units can meaningfully combine language, content, and
21st century skills, which can be measured consistently through formative assessment. After
running the unit several times, by popular demand, the teacher expanded to create a specific 3D
printing PBL unit for English learners who had taken the technology course and wanted to
improve their skills further, as well as a before school mini-3D printing course for students who
could not enroll in the technology course due to scheduling conflicts. Combined with community
coverage from the local newspaper and school awards given for best in 3D design, these units
had a great impact on the school, shining a light on the affordances of technology and exciting
innovations and careers in STEM.
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